We report the controlled incorporation of perovskite: BaSnO3 (BSO) and double-perovskite: YBa2NbO6 (YBNO) nanocolumnar structures into YBa2Cu3O7- (YBCO) film matrix by controlling the target rotation speed. Surface modified target approach has been employed to deposit YBCO+BSO and YBCO+YBNO nanocomposite films using laser ablation technique. The effect of target rotation speed on the microstructure and subsequently on the superconducting properties has been studied in detail. The density of BSO and YBNO nanocolumnar structures is found to depend on the target rotation speed, which subsequently affects the vortex pinning properties of the superconducting films in the absence and presence of applied magnetic fields. Three rotation speeds: 3 sec./rot., 2 sec./rot. and 1 sec./rot. have been attempted in this study. Compared to pure YBCO, the YBCO+BSO and YBCO+YBNO nanocomposite films exhibit superior in-field critical current density (JC) and also 2 exhibit strong JC peak for H//c-axis indicating strong c-axis pinning. The irreversibility line has also been found to improve significantly in the nanocomposite films. For both the target combinations (YBCO+BSO and YBCO+YBNO), the target rotation speed of 2 sec./rot. has been found to give the optimum superconducting properties.
Introduction
The introduction of artificial pinning centers (APCs) into YBa2Cu3O7-YBCO) superconducting film matrix has been recognized as being very effective for the immobilization of vortices leading to enhanced critical current density (JC) and irreversibility field (Birr.) of YBCO films [1] . In YBCO thin films, there is vortex pinning due to the presence of naturally occurring defects such as dislocations, grain boundaries, twin boundaries, oxygen vacancies, etc. However, majority of these defects are either not effective enough to suppress the thermal fluctuations or their densities are not high enough to maintain the necessary level of critical current density at large magnetic fields [2] [3] [4] . Various methodologies have been employed to introduce APCs into YBCO films which include irradiating the film with heavy ions [5] , addition and/or substitution of rare-earth atoms [6, 7] or by adding the secondary phase nanoinclusions into the YBCO film matrix [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The incorporation of secondary phase nanoinclusions into YBCO superconducting film matrix for improving the vortex pinning properties has recently been extensively studied. The nanoinclusions of several non-perovskite, perovskite and double-perovskite materials such as Y2O3 [8] , Y2BaCuO5 [9] , BaZrO3 [10, 11] , BaSnO3 [12, 13] , BaIrO3 [14] , YBa2NbO6 [15, 16] , YBa2TaO6 [17] have been demonstrated to enhance the vortex pinning properties of YBCO films deposited by pulsed laser deposition (PLD) technique.
In the PLD technique, the secondary phase nanoinclusions are usually introduced into the YBCO matrix by two methods: one by premixing the secondary phase material with YBCO and making a mixed target. Another approach is to use two different targets of YBCO and secondary phase material and switching them alternatively during deposition. The use of single premixed target offers desirable volume percentage of the secondary phase into the film matrix. However, it does not offer precise control on the size and distribution of the APCs throughout the thickness of the films formed during the deposition process. Another requirement of this process is that secondary phase material has to be non-reactive with YBCO in the sintering temperature range of 920-950 ℃ which is usually higher than the deposition temperature of the films (800-830 ℃).
A novel approach for introducing nanoscale secondary phase inclusions into YBCO film using PLD technique is to use surface modified target in which a thin sectored or rectangular shaped piece of secondary phase material is attached on the top of YBCO target using silver paste [18, 19] . In an earlier report, Mele et al. [20] have observed the formation of BaZrO3 nanocolumns within the YBCO matrix for which they used YBCO+YSZ (yttria stabilized zircornia) surface modified target. There are several advantages of this approach over others, one of which is that the APCs can be continuously introduced into YBCO film matrix using single target in which YBCO portion and secondary phase material portion are physically separate. Another advantage of this approach is that the content of the secondary phase material can be finely tuned by changing the size of the sectored/rectangular shaped piece of secondary phase material while keeping the YBCO target as the same and/or by changing the rotation speed of the target during the ablation process.
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The surface modified target approach is also interesting from the point of view of growth mechanism of different phases in a thin film. In the mixed target approach, there is continuous supply of adatoms or molecules of both the species (YBCO and other secondary phase) and the supersaturation of YBCO is higher than that of the secondary phase material (considering that the mixed target contains the secondary phase in less proportion than YBCO). However, in the surface modified target approach, the supply of the adatoms or molecules of different species takes place in an alternative and periodic manner and in this case the supersaturation of YBCO and the other secondary phase may be considered as the same. Despite these fundamental differences in these two approaches, the microstructure of the composite films reveals similar features:
formation of nanocolumns of secondary phase within YBCO matrix. There must be some critical supersaturation state which separates the formation of nanocolumns from nanoparticles. The formation of nanoparticles of Y2O3 has been reported earlier also [8] but in that case, the formation of semi-coherent interfaces between the phases can be held responsible for such nanoparticle formation. Horide et al. [21] have reported the incorporation of gold nanorods with widely varying diameters into GdBa2Cu3O7- (GdBCO) film. However, the driving force for the formation of gold nanorods within the GdBCO film matrix was not discussed. It may be quite interesting to investigate the critical supersaturation state, which separates the formation of nanocolumns from nanoparticles, between the species which are supposed to form coherent interfaces such as YBCO and other perovskite materials. The surface modified target approach can be a promising option in this direction.
In this paper, we present the effect of target rotation speed on the structural, 
Results and discussion
The strong c-axis orientation of pure YBCO, YBCO+BSO and YBCO+YBNO nanocomposite films has been ascertained from the X-ray diffraction measurement. The in-plane orientation has also been found to be reasonably good for all the thin film samples. The c-axis lattice parameter of the nanocomposite films, however, exhibited relative expansion compared to that of the pure YBCO film. Figure 3 shows the typical 
where, 0 = (Φ 0 4 ⁄ ) 2 , and being the London penetration depth and the coherence length respectively in the ab plane, Φ 0 is the flux quantum and 0 is the radius of the columnar defect. According to the given equation, pinning energy of the nanocolumnar structures is directly proportional to its radius (or diameter) and this has been demonstrated later by Mele et al. [25] . Thus our assumption for larger diameter of BSO nanocolumnar structures being responsible for higher pinning force density of the YBCO films is reasonable.
Further, looking at all the parts of figures 5 and 6, it can be observed that the target rotation speed of 2 sec./rot. gives the optimum critical current properties in both YBCO+BSO and YBCO+YBNO nanocomposite films. In a previous report, Mele et al. [12] , have shown that YBCO+BSO (4%) film (prepared using a mixed target) gave the optimum Fpmax. value. However, as the concentration of BSO increases to 5% and 6% or decreases to less than 3%, the Fpmax. values decrease substantially in their case also.
Considering the frequency of laser ablation (10 Hz) and the target rotation speed, it can be roughly estimated that 1 rot./sec., 2 rot./sec. and 3 rot./sec. provide ~ 10%, ~5% and is observed. Figure 9 shows the variation of irreversibility fields (above which loss-less transport of current ceases) with absolute temperature T and reduced temperature (T/TC) for YBCO+BSO and YBCO+YBNO films in comparison with that of pure YBCO film.
The Birr. for pure YBCO at 77 K has been estimated to be 8. 
